In this work we have made an electron spin resonance (EPR) study of macerals obtained from the lithotype clarain separated from Polish medium--rank coal (85.6 wt.% C). For three macerals: exinite, vitrinite, and inertinite, the temperature dependence of intensity of EPR spectra in the temperature range of 100-373 K was investigated. The experimentally obtained EPR spectra of macerals were fitted by curves of the derivatives of the Gaussian and Lorentzian functions. The best fitting was obtained, when the experimental EPR spectra were assumed to be a superposition of three lines, for exinite and vitrinite -a broad Gaussian (G), a broad Lorentzian (L1) and a narrow Lorentzian (L3) line, but for inertinite of two lines -a narrow Lorentzian (L2) and a narrow Lorentzian (L3) line. The computer-assisted fitting has shown that each individual component line has similar values of resonance field, but different linewidths and amplitudes. The temperature dependence of line intensity I of the broad Gaussian (G) and narrow Lorentzian (L2 and L3) lines fulfils the Curie law in the form I = C/T or IT = C, whereas the broad Lorentzian (L1) line does not fulfil the Curie law. In the last case the temperature dependence of the Lorentzian (L1) component was fitted by the relation I = C/T + B/[T (3 + exp(J/kT ))] or IT = C + B/[3 + exp(J/kT ))], valid for thermally excited triplet states (S = 1). For exinite and vitrinite the curves presenting the temperature dependence of the product IT versus temperature T were resolved into two curves, one for paramagnetic centres in the doublet state (S = 1/2), and the other for paramagnetic centres in the thermally excited triplet state (S = 1).
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Introduction
The application of electron paramagnetic resonance (EPR) has indicated the existence of paramagnetic centres in thermally excited triplet states (S = 1) in (171) bituminous coal [1] . In some papers [2] EPR spectra were analysed assuming the consistency of only one indivisible line indicating that all paramagnetic centres present in this substance fulfil the Curie law (I = C/T ). EPR spectra of macerals however are complex as demonstrated by numerical analysis of the lineshape [3, 4] . Paramagnetic centres with thermally excited triplet states have been found to exist in exinite and vitrinite heated at 300
• C and 650
• C and in flame coal [5, 6] . In some papers the authors suggest the existence of paramagnetic centres in quartet states (S = 3/2) (e.g. in fusinite and carbonized chars at 720
• C [7] ). EPR saturation experiment have been interpreted using four groups of paramagnetic centres in macerals, making responsible them for four component lines in the form of Gaussian and Lorentzian functions (Gaussian G, Lorentzian L1, Lorentzian L2, Lorentzian L3) [8] . Thermally excited multiplet states apparently exist among paramagnetic centres responsible for the Lorentzian L1 line found in exinite and vitrinite. It was ascertained that in heated inertinite paramagnetic centres with thermally excited triplet state do not exist [9] .
Experimental

Materials
Studied macerals: exinite, vitrinite, and inertinite, were separated from clarain of Polish medium-rank coal (85.6 wt.% C) characterized by very high purity (75 vol.%, 90 vol.%, 96 vol.%, respectively). Exinite, vitrinite, and inertinite were separated by centrifugation of the demineralized clarain, one of lithotypes of coal, in toluene-carbon tetrachloride mixtures. To avoid interactions between molecules of atmospheric oxygen and paramagnetic centres present in exinite, vitrinite, and inertinite, the macerals samples were placed in thin-wall glass tubes and evacuated to 10 −4 Torr and sealed. Macerals differ in physical and chemical properties, e.g. density and content of aromatic rings is growing in direction: exinite < vitrinite < inertinite.
Measurements
EPR measurements of macerals were performed using a spectrometer with microwave frequency 9.4 GHz (X-band) and 100 kHz magnetic field modulation. Microwave power incident on the cavity was approximately 0.7 mW in order to avoid signal saturation of studied macerals. Temperature was varried in the range of 173-373 K for exinite, 133-373 K for vitrinite, and 123-293 for inertinite. A ruby crystal was placed in the resonance cavity as a reference for line intensity measurements.
Fitting process of EPR spectra
The numerical analysis of EPR spectra for studied maceral samples has been performed after assuming that they are superpositions of the first derivative of Gaussian and Lorentzian functions. To establish the types and number of lines in EPR spectra of exinite, vitrinite, and inertinite, the least-square method was used.
Results and discussion
The best fitted experimental EPR spectra for exinite and vitrinite were obtained in the form of a sum of one Gaussian and two Lorentzians: a broad Lorentzian L1 and narrow Lorentzian L3 (G + L1 + L3). For the inertinite sample the EPR spectra could be fitted by a superposition of two narrow Lorentzians (L2 + L3).
The various components of non-heated macerals (broad Gaussian G, broad Lorentzian L1, narrow Lorentzian L2, narrow Lorentzian L3) are assigned for four different groups of paramagnetic centres existing in exinite, vitrinite, and inertinite. Paramagnetic centres responsible for each of the component lines belong to different aromatic structures [9] . In order to check the existence of thermally excited triplets in non-heated macerals, we have determined the values of amplitudes and linewidths of all components in the EPR spectra for exinite, vitrinite (Gaussian G, Lorentzian L1, Lorentzian L3) and inertinite (Lorentzian L2, Lorentzian L3). All these components of samples of exinite, vitrinite, and inertinite have very similar values of the resonance field B r . Figs. 1 and 2 . The behaviour of the intensity-temperature product IT versus temperature T was analysed. The paramagnetic doublet states (S = 1/2), which fulfil the Curie law in the form IT = C in the coordinate system IT versus T , give a straight line parallel to the abscissa. Graphs showing the theoretical dependence of intensity I and the product integral intensity-temperature IT versus temperature T , as well as reciprocal of temperature 1/T are shown in Fig. 3 . We have obtained straight lines on the graphs of the dependence of the product integral intensity-temperature IT versus temperature T for all components in the EPR spectra of exinite, vitrinite, and inertinite, except for the broad Lorentzian L1 component in exinite (∆B pp = 0.67 mT, room temperature, 20 dB) and vitrinite (∆B pp = 0.69 mT, room temperature, 20 dB). The exinite and vitrinite samples apparently contain groups of paramagnetic thermally excited centres, which do not fulfil the Curie law. These centres exist as thermally excited triplet state (S = 1) together with additional overlapping paramagnetic centres in doublet ground state (S = 1/2) forming the broad Lorentzian L1 line. For the Lorentzian L1 component in the EPR spectra of exinite and vitrinite, the dependence of the product integral intensity-temperature IT versus temperature T is increasing with T . This line can be separated into two lines in the IT versus T plot: first line -originating from paramagnetic centres in their ground doublet state (S = 1/2), and second line -attributed to paramagnetic centres in increasing with temperature and at room temperature is equal to about 13-18% of the total paramagnetic centres responsible for the broad Lorentzian L1 line. The EPR study done in this work on inertinite showed also that for no component, neither the narrow Lorentzian L2 (∆B pp = 0.35 mT, room temperature, 20 dB), nor the narrow Lorentzian L3 (∆B pp = 0.13 mT, room temperature, 20 dB) lines, any paramagnetic centres in a thermally excited triplet state exist, and we can conclude that all components in the EPR spectrum of inertinite originate from paramagnetic centres in a ground doublet state. Similarly, the Gaussian component G in exinite and vitrinite (∆B pp = 0.84 mT, room temperature, 20 dB) is generated only by paramagnetic centres in doublet ground state, too. For the existence of thermally excited triplet states in coal, donor-acceptor bonds between molecular and macromolecular phases can be responsible [1] . Other authors [7] , make the spin clusters formed by several π radicals coupled via a paramagnetic oxygen molecule, responsible for the appearance of multiplet states of paramagnetic centres in fusinite and carbohydrate chars. During the processes of thermal decomposition and reductive alkylation [6] of coals, the existence of thermally excited triplet states in macerals can be responsible for big changes of the amount and properties.
The dependence of the integral intensity I (I = C/T + B/[T (3 + exp(J/kT ))] [10] (J -singlet-triplet excitation energy) and the product of integral intensity-temperature IT (IT = C + B/[3 + exp(J/kT )] versus temperature T for all components are presented in
Conclusions
From this EPR study of non-heated macerals, exinite, vitrinite, and inertinite, obtained from clarain of Polish medium-rank coal, the following can be concluded:
